Flood management is more and more adopting a risk based approach. This paper presents an outline approach and methodology for assessing flood hazard and social vulnerability and whereby, to deliver flood risk curve (FRC) of selected frequencies of 10%, 5%, 2% and 1% and then social annual risk in terms of people at risk, injuries and fatalities.
INTRODUCTION
Being located in Central Vietnam, one of the most water related disaster prone region, Vu Gia-Thu Bon (VG-TB) suffers serious flooding almost every year. According to the available record, during past 15 years, flood disaster has caused approximately 750 fatalities in this basin 1) . The local area undergoes rapid economic development but still poor and highly vulnerable. On the other hand, VG-TB basin is characterized by far complicated hydro-morphological process which results in frequent catastrophic flooding.
However, the question how to quantify flood consequences, especially the occurrence of human loss, has been an increasing concern of flood managers. To date, various methodologies have been developed to estimate the consequences of coastal and river flooding in terms of numbers of fatalities and injuries with different level of input data requirement and technical complication. However, all these methods have been developed and validated with past disaster events in developed countries, especially in UK, Netherlands, Japan etc 2),3),4), 5) . In developing countries, especially in rural floodplain areas, the perception of local authority and community about disaster risk is rather limited. According to the past study 1) and feedback from interviews with local authority and farmers, many accidents occurred during floods have been caused by underestimation of the disaster danger resulting in high vulnerability and risk, e.g. people keep driving or fishing during flood or refuse to evacuate etc… Table 1 summarizes the advantages and disadvantages of most widely used methods showing that the one developed by Penning-Rowsel et al 5) is more flexible to modify for applying in the developing countries where have far different social characteristics.
Therefore, the objective of this study is to carrying out flood vulnerability and risk assessment for a selected pilot area named Dien Ban District in VG-TB downstream and whereby, to produce flood risk curve (FRC) and annual social risk. It is important to emphasize that apart from negative consequences, from the history, it is well known that abundant water resource and annual flooding also bring rich rice field and many livelihood for local people. Even now, around 70-80% of population living in river delta and coastal zone of VG-TB basin earns their living by agriculture, aquaculture and 
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Flood simulation
Inundation maps of probabilities 1%, 2%, 5% & 10%  Not yet applied in developing countries exploiting natural resources. Therefore, building up the local resilience or so call "living with the flood proactively" strategy is vital for sustainable development. To achieve this goal, this paper presents the development of flood patter simulation for study area and based on that, to evaluate the social vulnerability with focus in human safety, e.g. potential rate of people exposed to flooding and consequential injuries and casualties. The results presented in this paper include the simulated inundation extension for events with exceedance probabilities of 10%, 5%, 2% and 1% (equivalent to events with return periods of one in 100 years, in 50 years, in 20 years and in 10 years), and social risk for corresponding frequencies. Moreover, considering the fact that in Vietnam the data and information about flood consequences on human safety is very limited and inaccurate, the approach and result of this study can be useful for disaster manage practice in the country as it can help to provide an estimation that every year how many people would expose to flood risk and among them, what is potential injuries and casualties, based on which, decision makers and local community can prepare sound disaster management strategy and annual action plan.
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METHODOLOGY
An overview of the methods and modeling chain used in this study is shown in Fig. 1 which can divide into three main steps as following:
Step 1 -Flood inundation simulation. The study utilizes MIKE NAM and MIKE11 to simulate the flood flow in VG-TB river system. The calibration and verification was carried out by optimizing roughness coefficient in order to obtain the acceptable NSE (Nash-Sutcliffe model efficiency coefficient) index showing good fitness of simulated and observed values. In order to assess the social vulnerability in next part, the verified model is utilized to develop flood inundation scenarios with probabilities 10%, 5%, 2% and 1%. Producing FRC requires at least 3 points. However, in order to ensure the accuracy of FRC, it is recommended to have around 4-6 points with low probabilities, such as 0.01%, 0.005%, 0.0025% etc 6) . However, using such low frequencies is more applicable in assessing the safety of flood defense works. This study focuses more in annual flood and thus, selected four flood scenarios with exceedance probabilities of 10%, 5% , 2% and 1%. This selection is also in compliance to Design Guideline for Flood Control Structures in Rural Area issued by Vietnam Ministry of Agriculture and Rural Development (MARD).
Step 2 -Social Vulnerability Assessment. UNISDR defined vulnerability as "The characteristics and circumstances of a community, system or asset that make it susceptible to the damaging effects of a hazard" 8) . The degree of vulnerability is a function of exposure and coping capacity and adaptive capacity (or so called resilience) that can be expressed as Vulnerability = f(Exposure, Capacity). Although the total vulnerability includes four components, such as physical, economic, social and environmental vulnerabilities, this study focuses only in social vulnerability, i.e. population exposed to flood risk and potential rate of injuries and fatalities in Dien Ban District, one of the most inundated areas, by taking into account tangible and especially, intangible issues. The reason to carry out such pilot case study is that VG-TB downstream is typical floodplain area and thus, people living there have long experience with coping with flooding, such as harvesting the crops well before the flood season, raising the height of ground floor and/or build mezzanine for property storage and evacuation etc. However, they are aware only about tangible and direct vulnerability and they lack of measures to cope with intangible and indirect issues, or by the other words, lack of comprehensive and effective disaster management plan in the long run 9) . In order to assess both, tangible and intangible issues of social vulnerability, the study applied combined approach including field survey, public consultation and desktop analysis of Google image and empirical formula with modification so that they can be applicable for the study area.
To calculate the vulnerability factor, Penning-Rowsel et al.'s method takes into account not only hazard characteristics but also vulnerability of people exposed to the hazard.
In this methodology, it is suggested that the number of fatalities and injuries for a single flood event N(I) is a function of population living in the considered floodplain area N, the population who potentially expose to flood X, which is calculated based on hazard rating (HR) and area vulnerability (AV) and fraction of vulnerable people in the flood exposure area Y. The component of the population who potentially expose to flood X is calculated based on hazard rating HR and the area vulnerability AV. In turn, hazard rating in fact, depends on flood characteristics, including flood flow velocity v (m/s), water depth d (m) and debris factor DF (0-unlikely; 1-possible and 2-likely). On the other hand, the component Y is proposed to include three main groups: elderly people with age 75+, children with age under 6 and disable people. The functions can be expressed by the Eqs. (1), (2) and (3) 2),7),10) .
In particular, the method also proposes an estimation of fatality rate as in Eq (4) . N(D) = N(I) * 2*HR (4) The crucial point of social vulnerability assessment in this case is to modify the component Y and AV by taking into consideration other indirect vulnerable issues that are typical for rural area of the developing countries like Dien Ban District.
Step 3-Development of FRC and average annual risk. There is no consistent definition of risk as this concept has gone through an interesting evolution during the past decades. In principle, risk can be presented in the form of a mathematical equation as Eq. (5) Risk = Hazard * Vulnerability (5) In order to derive the risk, the calculated vulnerability is combined with hazard factor of a probable scenario. Then FDC is developed by plotting these risk estimates against the respective probability and whereby, the average annual risk in fact is the area under the curve 7),8),11) ( Fig. 1) 
STUDY AREA
VG-TB river system is originated in the eastern side of the Truong Son mountain range at the elevation of 1,600m, the system is formed by two main rivers, namely Vu Gia and Thu Bon, flowing through major part of Quang Nam province and discharging into the sea at three inlets named Han, Dai va Lo. The total basin area is of 10,350km 2 , Thu Bon river itself has a length of 206km and tributary density is about 0.47 km/km 2 1) .Its upper part is short and steep with a narrow river bed, steep banks and a reservoir cascade system. In the middle and downstream reaches, the river bed is rather wide and shallow (Fig. 2) . In the downstream reach, the banks become low, allowing overflow into fields and villages during the flood season. Both rivers have many tributaries creating a dense and complicated hydrological system. Average annual rainfall is approximately 3000-4000mm and torrential rain for many days is a typical weather characteristic in this region during wet season. Another issue of concern caused by rainfall is extreme fluctuation in annual precipitation. Moreover, maximum monthly rainfall can be caused by typhoons but can also occur without typhoon. Every year, 2-4 typhoons make landfall in this region bringing huge rainfall and whirlwind. As a result of high topographical slope (i.e. 25% in average) and torrential rainfall for days VG-TB river system experiences extreme flash floods in mountainous area and deep inundation in the downstream plain and coastal area. Every year, the flood season is from September through December with multiple peaks. One of the typical characteristics of floods in VG-TB downstream is that it is strongly dependent on tidal regime, which can be only 1 or 2 days during low tide or up to 3-5 day during high tide 1) . Regarding socio-economic conditions, VG-TB downstream is a populated area with density as high as 1,000 people/km 2 . The population of Dien Ban District is more than 190,000, of which 13% has income less than the poverty line, e.g. having income less than US$20/person/month. The major economic activities in this area are agriculture, aquaculture, fishery and tourism, which all strongly depends on natural resources and be strongly influenced by natural conditions and thus, highly vulnerable to natural hazards. 
RESULT AND DISCUSSION
(1) Simulation result: To present the inundation maps, after field survey and consultation with local people about the past flood disasters, inundation classification applied in this study takes into account level of consequences, e.g. property loss and casualties, which includes five classes: <0.5m; 0.5m-1.0m; 1.0m-2.0m; 2.0m-3.0m and >3.0m. The maps have been produced for four flood scenarios of exceedance probabilities 10%, 5%, 2% and 1%. Fig.  2 presents an inundation map of frequency 10% as an example 12) .
(2) Social vulnerability assessment: Field surveys were carried out in effected flooding area of Dien Ban District, including: 15 communes and one town named Vinh Dien. To have representative information, the study conducted 400 interviews calculated Yamane's simplified formula with assumption of 5% level of precision 13) . The survey questionnaire was elaborated to include various indicators that can help to assess the potential impacts of flooding on human safety, which can be divided into three groups: Population structure, Housing characteristics and Coping capacity.
The findings of the field survey summarized in (2) and (3) are determined as following: Hazard rating HR: To derive HR, average inundation depth and flood flow velocity can be obtained from simulation result and past studies in the area 12) . The debris factor is determined based on field survey and recommendations of Penny Rowsel et al. Then, HR is calculated using Eq (3) and shown in Table 3 . Area vulnerability AV: Dien Ban district is mainly rural area, except local administration central area named Vinh Dien town where has better housing, infrastructure and flood warning. AV is thus calculated separately for Vinh Dien town and the rest area, which is equal to 5 and 7.5, respectively ( Table  4) . People vulnerability: Originally, people vulnerability consists of % of residents aged 75 years or over and residents suffering from long term illness 2) . In this study, as learned from the field trip and local statistics record 14) , the people vulnerability must define to include more population groups, which are: Very often that the torrential rainfall is formed by cyclone circulation. This factor is major concern of local people because: As people in Dien Ban has long experience of living with the flood, in many one storey houses they build elevated temporary storey to store their stuff when flood enters. The heavy property, mainly motorbike can be evacuated to high ground (e.g. bridge, main road, etc.) but if there is typhoon before the flood, it is impossible to do so. Therefore, with limited resources, it is very hard for local people to cope with and thus, their injuries and property damages is huge.
x
Inundation depth
The survey area is located in most low-lying area of VG-TB floodplain. The inundation in the paddy field is about 3 -4m. In the houses, water depth varies depending on the height of ground floor, ranging from 0.5m up to 2m
x Flow velocity and speed of onset
The bed slope of VG-TB river system is rather steep causing sudden inundation in the downstream fluvial area x
Debris and mud flow
As the upstream is covered by forest with many timber logging activities, the flood flow often carry lots heavy wood which is highly dangerous for people and huge labour work to clean up the agricultural land area. The flood flow also carry lots debris and mud from gardens into houses which may cause injuries and more clean-up cost Elderly resident group: According to DEFRA, the elderly people who are considered to be vulnerable to flooding is those with age 75+. However, having considered poor living condition like in Dien Ban district, people become weak with age of about 70 1) . According to past studies and field survey, 80% of interviewees release that age 70+ requires special assistance from other family members to cope with inundation situation. Additionally, in principle, the farmers in rural areas do not have pension but some provinces, including Quang Nam, have policy to provide special allowances and health insurance package for elderly of age 70 and over 14) . Therefore, this study includes the group of aged 70+ elderly in highly vulnerable group which accounts for 8.0% of total population 14) . ii.
Newborn babies and pregnant woman: pregnant women and mothers during maternity period as this group of people have to confront with high risk of inundated condition and also they cannot access to medical care during this period. iii.
Disable resident group includes permanent sick people and temporary patients who currently need medical treatment. This figure can be evaluated based on the number of patient beds in two hospitals and other six clinics in the survey 14) . The consultation with the managers of these medical centers revealed that these centers are always full. When the flood occurs, most of these patients return home as the hospital and clinics may also be inundated. Therefore, it is really high risk for these patients to stay home in inundated condition and without necessary medical care.
To develop the risk assessment in the next part, the population exposed to the flood (N) needs to be determined. With support of Google image and GIS tool, the number of houses are calculated and then multiplied to 4 as average individuals in each households to derive N as shown in Table 5 . Fig. 3 is to demonstrate the counting of houses using Google image and then be incorporated into inundation mapping. The potential injuries, N(I) and fatalities N(D), are then calculated by Eqs. 1 and 4, respectively, for individual inundation scenarios as summarized in Table 6 .
(3) Development of FRC and annual risk in terms of people at risk, potential injuries and casualties for each simulation scenarios. To achieve this, first, the social risk is calculated using the Eq (5) for potential number of people at risk. Fig. 4 illustrates the FRCs, based on which, average annual risks are calculated as the area under the curve 6), 11) as presented in Table  6 .
According to the finding from risk analysis described above, every year, in average, about 2.2% of population, equivalent to a population of 4,240 is The result also shows that the risk increase substantially for the flood events of low frequency. There is insignificant difference of number injuries and fatalities for floods scenarios of 5% and 10%. Therefore, it can be concluded that choices of flood frequency for hydrodynamic simulation and risk analysis are appropriate. However, there is uncertainty in calculating annual risk due to the lower and upper part of the FRCs as more scenarios would be useful to adjust this point. Another concern is accuracy of the result. In VG-TB basin, although hydrological data is recorded relatively accurately, the data on past flood consequences is very sparse, limited and of very poor quality. Even there is no information about injury cases. Nevertheless, it is certainly not our interest to project precisely any injuries or fatalities. The main aim at hand for this study is to provide some general information how much the risk people would have to confront in the years to come.
CONCLUSION
In this study the estimation of annual flood risk of social safety in rural area is carried out based on conventional 1D hydro-dynamic modeling and vulnerable assessment, which is modified by taking into account not only direct and tangible issues but also indirect and intangible ones. The finding does show the high vulnerability and high risk for the safety of people living in Dien Ban District of VG-TB downstream. These finding in relatively quantitative manner can be of great help for local authority in preparing effective disaster management plan. For example, to implement emergency evacuation, the shelters must be sufficient to accommodate 2.2% of district population, equivalent up to 4,200 people; Also, the authority should prepare medical emergency for about 3,230 people. Based on rather high possible number of fatalities (i.e. 31) caused by flood every year, the authority should consider appropriate structural measure to reduce flood. The awareness about potential injuries due to accident and/or illnesses is also increased as currently, post disaster surveys rarely include any information about injuries. To improve the result of this study, it is recommended to apply this approach in larger area. More resources should be utilized to develop more hazard scenarios and thereby, to enhance the accuracy of risk calculation. 
